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(54) LAMINATED GLASS-CERAMIC CIRCUIT BOARD 

(57)Abstract: 

PURPOSE: To reduce the degree of shrinkage of a laminated glass- 
ceramic circuit board at the time of baking the board by forming the 
circuit board by laminating a plurality of insulating layers containing 
glass components having glass- transition temperatures which are 
different from each other by a specific value or more. 
CONSTITUTION: A laminated glass-ceramic circuit board is composed 
of a laminated board 1 containing circuits and surface wiring 
conductors 4 and 5, a thick resistor film, and a protective film are 
formed and electronic parts 6 connected to the conductors 4 and 5 are 
mounted on the main surface of the board 1 at need. The laminated 
board 1 is composed of insulating layers 1a-1e, internal wiring 
conductors 2, and via hole conductors 3 and the circuits are formed in 
the board 1. The glass-transition temperatures of the glass 
components contained in some of the insulating .layers 1a-1e 
constituting the board 1, for example, in the insulating layers 1a and 1e are different from those of the glass 
components contained in the other insulating layers 1b-1d by 80°C. Therefore, the degree of shrinkage of 
the laminated board 1 can be reduced at the time of baking the board 1 , because the shrinkage stresses 
generated in the insulating layers 1a-1e can be dispersed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to low temperature, for example, the laminating ceramic circuit board 

which can be calcinated at about 850-1050 degrees C. 

[0002] 

[Description of the Prior Art] internal wiring of the laminating ceramic circuit board — high-melting point metallic 
materials, such as molybdenum and a tungsten, were conventionally used as a conductor recent-years and interior wiring 
— the reduction in resistance of a conductor — following ~ internal wiring -- Au, Ag, Cu(s), or those alloys are used as a 
conductor 

[0003] this above-mentioned low resistance metallic material -- internal wiring - when using for a conductor, the 
material of an insulating layer needed to be chosen according to the melting point of these metallic materials For 
example, the material which consists of powder of a low melting point glass-ceramics component and inorganic 
substance fillers, such as an alumina ceramic, is illustrated as a material of an insulating layer, the predetermined crystal 
phase was deposited in the grain boundary of an inorganic substance filler, and it was made to fill up with a low melting 
point glass-ceramics component in a baking process. 

[0004] the green sheet which has inorganic substance fillers, such as a frit of a low melting point glass-ceramics 
component, and an alumina ceramic, as the concrete manufacture method — forming - this green sheet - a beer hall - 
the through hole used as a conductor ~ forming - further ~ a green sheet - a beer hall - a conductor and internal 
wiring - it consists of a low resistance metallic material used as a conductor - each - a conductor is formed, further, 
according to predetermined circuitry, the laminating unification of two or more green sheets is carried out, and, finally 
baking processing is performed 

[0005] Baking processings are ** binder processing of about 24 - 36 hours, and an oxidizing atmosphere (air 

atmosphere), and consist of sintering processing with a peak temperature of 850-1050 degrees C. 

[0006] 

[Problem(s) to be Solved by the Invention] However, in the laminating glass ceramic circuit board, the laminated circuit 
board after carrying out baking processing will be contracted no less than 13 to 20% to the layered product substrate 
before baking processing. 

[0007] Therefore, since the laminating machine used into a manufacturing process and a firing furnace had physical 
restrictions of a configuration, capacity, etc., it was difficult for them to obtain the laminating glass ceramic circuit 
board with the sufficiently big configuration after baking processing. 

[0008] moreover, the substrate contraction at the time of baking - 10% - far - exceeding - since it is very large - 
internal wiring - a conductor - the wiring piece etc. might be generated if not formed fully with careful attention to the 
conductor 

[0009] this invention is thought out in view of an above-mentioned trouble, and the purpose offers the laminating glass 

ceramic circuit board with the small contraction of the substrate at the time of baking. 

[0010] 

[Means for Solving the Problem] The layered product substrate which carried out two or more laminatings of the 
insulating layer which consists of a glass component and an inorganic substance filler according to this invention in 
order to solve an above-mentioned technical problem, In the laminating glass ceramic circuit board which consists of 
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conductors and changes the internal wiring which consists of the low resistance metallic material arranged between the 
layers of this insulating layer - the beer hall which consists of the low resistance metallic material arranged to the 
conductor and this insulating layer The aforementioned layered product substrate is the laminating glass ceramic 
circuit board of which a glass transition point carries out two or more laminatings of the insulating layer which has a 
glass component different 80 degrees C or more, and consists. That is, the glass transition point of the glass component 
of a predetermined insulating layer has the difference 80 degrees C or more as compared with the glass transition point 
of the glass component of other insulating layers. 
[0011] 

[Function] In the laminating glass ceramic circuit board, a contraction operation occurs in an insulating layer by 
softening flow of the glass component mainly contained in the insulating layer in the state where it does not calcinate (in 
fact green sheet), at the time of baking processing. Usually, this contraction is generated isotropic in all the directions. 
[0012] By the way, in the insulating layer by which the laminating was carried out in the direction of a laminating, the 
glass transition points of a glass component differ by the predetermined insulating layer and other insulating layers like 
the laminating glass ceramic circuit board of this invention. 

[0013] Even if contraction begins to occur in the predetermined insulating layer which follows, for example, has the 
glass component of a low glass transition point, other insulating layers which have the glass component of a high glass 
transition point are maintaining the original form. For this reason, the contraction stress generated in the insulating layer 
which has the glass component of a low glass transition point can act in the direction of a laminating in the insulating 
layer greatly, and can make an operation of the direction of a flat surface small. That is, the contraction generated in the 
insulating layer which has the glass component of a low glass transition point will be prevented by the insulating layer 
which has the glass component of a high glass transition point. 

[0014] Even if contraction begins to occur in other insulating layers which have the glass component of a high glass 
transition point conversely, a contraction reaction is completed substantially and the predetermined insulating layer 
which has the glass component of a low glass transition point has become a stable state. For this reason, the contraction 
stress generated in the insulating layer which has the glass component of a high glass transition point can act in the 
direction of a laminating in the insulating layer greatly, and can make an operation of the direction of a flat surface 
small. That is, the contraction generated in the insulating layer which has the glass component of a high glass transition 
point has the glass component of a low glass transition point, and will be prevented by the insulating layer which would 
already be in the stable state. 

[0015] preparing a temperature gradient in the flow start of glass among both insulating layers by this » sintering -- the 
following contraction stress can be eased mutually superficially, it can suit, and the contraction as the whole can be 
made small 

[0016] Consequently, restrictions are eased and a configuration, capacity, etc., such as a laminating machine and a firing 
furnace, can use the substrate of the configuration near the substrate of a finished product, moreover, internal wiring - 
the wiring piece of a conductor etc. can be pressed down effectively and serves as the laminating glass ceramic circuit 
board with high flow reliability 

[0017] In addition, in order to fully do an above-mentioned operation so, between the glass transition point of the glass 
component of the side which has a low glass transition point, and the glass transition point of the glass component of the 
side which has a high glass transition point, it is important to establish a temperature gradient 80 degrees C or more. If 
there is this temperature gradient 80 degrees C or more, in the burning temperature in which the glass component of the 
low transition point begins to carry out a softening flow most, the glass component of the highest transition point serves 
as the original form (stable state), and in the burning temperature in which the glass component of the reverse highest 
transition point begins to carry out a softening flow, already, most, the glass component of the low transition point will 
be a stable state, and will become possible [ stopping a contraction effectively ]. 
[0018] 

[Example] Hereafter, the laminating glass ceramic circuit board of this invention is explained based on a drawing. 
[0019] Drawing 1 is the cross section of the laminating glass ceramic circuit board concerning this invention. 
[0020] from the layered product substrate 1 by which 10 is the laminating glass ceramic circuit board, and, as for the 
laminating ceramic circuit board 10, the predetermined circuit was formed in the interior in drawing 1 changing ~ the 
need — responding — the principal plane of the layered product substrate 1 — front wiring — conductors 4 and 5, a thick- 
film-resistor film, and a protective coat — forming — further — front wiring — it consists of a conductor 4, various 
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electronic parts 6 joined on five 

[0021] the layered product substrate 1 - insulating layers la-le and internal wiring - a conductor 2 and a beer hall it 
consists of a conductor 3 and the interior of the predetermined circuit is carried out 

[0022] The glass ceramic material which enables baking of insulating layers la-le at the comparatively low temperature 
for example, around 850-1050 degrees C is used. 

[0023] The inorganic substance filler contained in insulating layers la-le can illustrate ceramic material, such as 
corundum (alpha alumina), a cristobalite, a quartz, a mullite, and a cordylite. 

[0024] Moreover, a glass component consists of low melting point glass ceramics containing two or more metallic 
oxides, for example, deposits at least one kind in the crystal phase of a cordierite, a mullite, an anorthite, cell HAN, a 
spinel, a gar night, a willemite, a dolomite, and a petalite and its substitution derivative by [ around 850-1050 degrees 
C ] carrying out baking processing at low temperature comparatively. 

[0025] internal wiring — a conductor 2 and a beer hall — a conductor 3 - from conductors, such as Ag system (Ag 
alloys, such as Ag simple substance and Ag-Pd) and Cu system (Cu simple substance, Cu alloy), -- becoming - the 
thickness of an inner conductor 2 « about 8-15 micrometers — it is — a beer hall - although the diameter of a conductor 
can be made into arbitrary values, the diameter is 80-250 micrometers, for example 

[0026] front wiring - the conductor above-mentioned to the principal plane of the layered product substrate which 
conductors 4 and 5 were already formed in the layered product substrate before Ag system (Ag alloys, such as Ag 
simple substance and Ag-Pd), Cu system (Cu simple substance, Cu alloy), etc. consist of a conductor, for example, 
baking processing is carried out, and was calcinated — printing and baking form the conductive paste containing a 
component 

[0027] the front wiring of such a layered product substrate 1 — a thick-film-resistor film and a protective coat are 
formed in conductors 4 and 5, and the various electronic parts 6, such as a letter capacitor of a chip, a letter resistor of a 
chip, a transistor, and IC, etc. are carried in them by solder, wirebonding, etc. 

[0028] Here, as compared with the glass transition point of a containing [ the glass transition point of a ****** glass 
component / at other insulating layers lb-Id ] glass component, the temperature gradient has 80 degrees C or more in 
some insulating layers, for example, la and le, among the insulating layers la-le from which the characteristic thing of 
this invention constitutes the layered product substrate 1 . 

[0029] at least two kinds of glass-ceramic green sheets which will serve as insulating layers la, le, lb- Id first if the 
manufacture method of the above-mentioned laminating glass ceramic circuit board is explained ~ preparing - internal 
wiring — a conductor 2 and a beer hall - a conductor 3 and front wiring - conductors 4 and 5 and the becoming 
conductor - the conductive paste which consists of the low resistance metallic material (Au, Ag, Cu(s), those alloys) for 
forming a film and a conductor, a glass frit, an organic vehicle, 

[0030] An above-mentioned glass-ceramic green sheet carries out homogeneous kneading of a low melting point glass- 
ceramics frit, an inorganic substance filler, a binder, and the solvent, carries out tape molding by the doctor blade 
method etc., and is judged and formed in a predetermined size. 

[0031] As the low melting point glass-ceramics frit was mentioned above, it consists of a glass constituent which 
deposits at least one kind in the crystal phase of a cordierite, a mullite, an anorthite, cell JIAN, a spinel, a gar night, a 
willemite, a dolomite, and a petalite and its substitution derivative by [ around 850-1050 degrees C ] carrying out baking 
processing at low temperature comparatively, and 1.0-6.0 micrometers of mean particle diameters are 1.5-3.5 
micrometers preferably. 

[0032] It is effective as a layered product substrate for being able to obtain a layered product substrate with more high 
intensity, if an anorthite and the glass frit which deposits cell JIAN are used especially, coefficient of thermal expansion 
being able to obtain a low layered product substrate, if the glass frit which deposits a cordierite and a mullite is used, 
and carrying silicon chips, such as IC bare chip, on a layered product substrate. In addition, intensity is high, and in 
order that coefficient of thermal expansion may obtain a low layered product substrate, B-2 03, Si02, aluminum 203, 
ZnO, and an alkaline-earth-metal oxide are effective as a glass constituent which deposits an anorthite and a cordierite 
simultaneously. 

[0033] An inorganic substance filler serves as a bone agent of a layered product substrate, ceramics, such as corundum 
(alpha alumina), a cristobalite, a quartz, a mullite, and a cordylite, can be illustrated, and 1.0-6.0 micrometers of the 
particle size are 1.5-4.0 micrometers preferably. 

[0034] A binder must have wettability with a formed element (a glass frit, inorganic substance filler), and its pyrolysis 
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nature must be good. Since it is what determines the viscosity of a slip simultaneously, the ethylene nature unsaturated 
compound equipped with the acrylic acid or a carboxyl group like a methacrylic-acid system polymer, and the alcohol 
nature hydroxyl group is desirable. As an addition, less than [ 25wt% ] is desirable to a part for a formed element. 
[0035] As a solvent, an organic system solvent and a drainage system solvent can be used. In addition, in the case of the 
drainage system solvent, a binder needs to be water-soluble and the functional group of a hydrophilic property, for 
example, a carboxyl group, is added to the binder. If the amount of addition is expressed with the acid number, there 
will be 2-300 and it will be 5-100 preferably. 

[0036] Although an above-mentioned binder and an above-mentioned solvent must be completely pyrolyzed in the ** 
binder process of the heat dryness process by the doctor blade method, and the baking process of a layered product 
substrate, they choose 600 degrees C or less of material decomposed below 500 degrees C especially preferably. 
[0037] the percentage of an above-mentioned inorganic substance filler and a glass component ~ an inorganic substance 
filler - 10wt(s)% - 50wt% - desirable - 20wt%-35wt -- it is - a glass component - 90wt(s)% - 50wt% - it is 80wt%- 
65wt preferably 

[0038] Less than [ 10wt% ] (a glass component exceeds 90wt(s)%), a holohyaline increases [ an inorganic substance 
filler ] too much into an insulating layer, the intensity of a layered product substrate is spoiled, and the compactness of 
the layered product substrate 1 is spoiled in an inorganic substance filler exceeding 50wt(s)% (a glass component being 
less than [ 50wt% ]). 

[0039] Here, by this invention, the glass transition point of the glass frit contained in these green sheets needs to choose 
a glass constituent different 80 degrees C or more by the green sheet used as insulating layers la and le, and the green 
sheet used as insulating layers lb- Id. 

[0040] That is, it is necessary to control the glass transition point in a glass-ceramics component. For example, in an 
above-mentioned glass constituent, it considers as the method of setting up a glass transition point low, and is B-2 03. It 
is attained by increasing the composition ratio of the oxide of ZnO or alkaline earth metal. Moreover, even if it adds 
oxides, such as Pb, Bi, and Cd, or adds the oxide of alkali metal, a glass transition point can be made low. However, 
since addition of the oxide of alkali metal may degrade the insulating property in an insulating layer, it needs to mind. 
[0041] For example, using alumina ceramic powder as the glass ceramics to which the green sheet used as insulating 
layers la and le makes a principal component B-2 03, Si02, aluminum 203, ZnO, and an alkaline-earth-metal oxide, 
and an inorganic substance filler, further, the acrylic resin was used as a binder and toluene etc. was used as a solvent. In 
addition, the percentage of a formed element made glass ceramics and made the inorganic substance filler 30wt(s)% 
70wt(s)%. 

[0042] Thereby, the glass transition point obtained the green sheet containing the glass component which is 740 degrees 
C. 

[0043] For example, using alumina ceramic powder as the glass ceramics to which the green sheet used as insulating 
layers lb- Id makes a principal component PbO, B-2 03, Si02, aluminum 203, ZnO, and an alkaline-earth-metal oxide, 
and an inorganic substance filler, further, the acrylic resin was used as a binder and toluene etc. was used as a solvent. In 
addition, the percentage of a formed element made glass ceramics and made the inorganic substance filler 50wt(s)% 
50wt(s)%. 

[0044] Thereby, the glass transition point obtained the green sheet containing the glass component which is 600 degrees 
C. 

[0045] [a conductive paste] - internal wiring - a conductor 2 and front wiring - a conductor 4 and a beer hall - that to 
which the conductive paste for forming a conductor 3 carried out homogeneous kneading of low resistance metallic- 
material powder, for example, silver system powder, such as Ag system (Ag alloys, such as Ag simple substance and 
Ag-Pd), Cu system (Cu simple substance, Cu alloy), and Au system, a low-melting-glass component, and a binder and a 
solvent is used moreover, front wiring — you may use this paste also for conductors 4 and 5 

[0046] a [laminating process] - the green sheet used as insulating layers la-le - a beer hall - the position in which a 
conductor 3 is formed ~ taking into consideration - NC punch etc. - a through hole - forming - then, printing and 
restoration of above-mentioned Ag system conductivity paste -- the Sulu hall - a conductor - being filled up - internal 
wiring of a predetermined configuration - a conductor 2 and the becoming conductor - the configuration of the film is 
carried out 

[0047] The laminating of the green sheet which serves as insulating layers la-le in consideration of built-up sequence in 
such a green sheet is carried out, it carries out thermocompression bonding, and the layered product substrate in the state 
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where it does not calcinate is obtained. 

[0048] In addition, as shown in drawing, as for the green sheet from which a glass transition point differs, it is desirable 
to carry out a laminating so that it may be applicable in the thickness direction. 

[0049] [Baking process] Baking processing of the layered product substrate in the above-mentioned state where it does 
not calcinate is carried out. Baking processing consists of** binder process and sintering process. 
[0050] the green-sheet layer which turns into insulating layers la-le in ** binder process, and internal wiring - a 
conductor 2 and the becoming conductor — a film and a beer hall — it is for the organic component contained in a 
conductor 3 and the becoming conductor being burned down, for example, is carried out in a temperature field 600 
degrees C or less 

[0051] Moreover, in sintering process, the grain boundary of an inorganic substance filler distributes uniformly at the 
same time the glass-ceramics component contained in the green-sheet layer used as insulating layers la-le performs the 
deposit reaction of a predetermined crystal phase. Thereby, the firm layered product substrate 1 is attained. 
[0052] moreover, internal wiring - a conductor 2 and the becoming conductor - a film and a beer hall — while carrying 
out grain growth and making Ag system powder form into low resistance for example, it is made to unite with insulating 
layers la-le in a conductor 3 and the becoming conductor This is performed in the temperature field which reaches the 
peak temperature of 850-1050 degrees C. 

[0053] a firing environments is performed by air (oxidizing quality) atmosphere or neutral atmosphere ~ having — for 
example, internal wiring - a conductor 2 etc. - Cu system - when using a conductor, it is carried out by the reducing 
atmosphere or neutral atmosphere 

[0054] [Surface treatment process] Next, surface treatment is performed to both the principal planes of the layered 
product substrate by which baking processing was carried out. 

[0055] for example, the beer hall formed in the upper surface side principal plane of the layered product substrate 1 at 
insulating layers la and le - it connects with a conductor 3 - as — for example, printing and dryness of a copper system 
conductivity paste, and baking — front wiring -- conductors 4 and 5 are formed here — the front wiring of a copper 
system — conductors 4 and 5 and a silver system — the beer hall of a conductor — a conductor 3 will join For this reason, 
it is important to perform the conductive paste of a copper system in a reducing atmosphere or neutral atmosphere in 
consideration of the eutectic temperature of silver and copper, in order to choose the thing in which low-temperature 
(for example, 780 degrees C or less) baking is possible and to prevent copper oxidization moreover. 
[0056] Then, if needed, a thick-film resistance film, a protective coat, etc. are burned, and the various electronic parts 6 
are carried. 

[0057] in addition - an above-mentioned example - the front wiring of the layered product substrate 1 - the case where 
conductors 4 and 5 are formed with the conductive paste by which baking processing is simultaneously carried out at the 
baking process of for example, a layered product substrate - a laminating - in process ~ front wiring — a conductor and 
the becoming conductor - a film may be formed and you may carry out in one with baking of a layered product 
substrate 

[0058] Moreover, if needed, the division slot is formed in the layered product substrate in the state where it does not 
calcinate, and immediately after baking or after performing a surface treatment process, you may perform division 
processing. 

[0059] In the above manufacture method, especially a baking process, contraction occurs by baking processing in the 
layered product substrate in the state where it does not calcinate. However, in this invention, the glass transition point 
contains the glass component which is 600 degrees C in the layer of the green sheet from which a glass transition point 
serves as insulating layers lb- Id including the glass component which is 740 degrees C at the layer of a green sheet 
used as insulating layers la and le. 

[0060] At 500-600 degrees C while a temperature up is carried out to the peak temperature of 850-105 degrees C, the 
organic component contained in the layered product substrate is burned down by baking down stream processing. 
[0061] Moreover, before and after about 600 degrees C, a glass component carries out a softening flow in the layer of a 
green sheet used as insulating layers lb- Id, and contraction stress occurs in this layer. Although it is a layer used as 
insulating layers lb- Id and generates isotropic, this contraction stress Since the laminating of the insulating layers la 
and le which have the glass component of the high glass transition point of 740 degrees C is carried out to the layered 
product substrate and insulating layers la and le are stably maintained in this temperature, The contraction stress which 
acts in the insulating layers [ lb- Id ] direction of a flat surface is eased, and it becomes contraction of the thickness 
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direction by insulating layers lb- Id chiefly. 

[0062] Furthermore, temperature will rise, for example, an insulating layers [ lb- Id ] contraction reaction will already 
be completed before and after 740 degrees C, and insulating layers lb- Id will be in a stable state. Although a glass 
component carries out a softening flow in the layer of a green sheet used as insulating layers la and le and contraction 
stress occurs in such the state, since the laminating of insulating-layer 1 b-de which the contraction reaction would be 
completed to the layered product substrate, and would be in the stable state is carried out stably, the contraction stress 
which acts in the direction of a flat surface of insulating layers la and le is eased, and it becomes contraction of the 
thickness direction by insulating layers la and le chiefly. 

[0063] Furthermore, temperature rises, for example, at 850 degrees C - 1050 degrees C, a contraction reaction will be 
completed also in insulating layers la and le, the grain boundary of an inorganic substance filler will be deposited and 
filled up with glass ceramics in a predetermined crystal phase, and it becomes a firm layered product substrate. 
[0064] As mentioned above, in baking processing, since it is maintained in the state where it was stabilized in other 
insulating layers la-le when contraction stress occurs in each insulating layers la-le, it is eased mutually and the 
contraction stress which acts in the direction of a flat surface of the layered product substrate 1 can reduce greatly the 
contraction of the direction of a flat surface of the layered product substrate 1. 

[0065] therefore, the internal wiring which was formed on the glee sheet since a contraction was small, i.e., the 
difference of the superficial size of the layered product substrate 1 became small a baking front and after baking and 
which was formed so that it might spread superficially ~ a conductor 2 and the becoming conductor — stress cannot start 
easily to a film and it becomes the laminating glass ceramic circuit board with the high reliability which an open circuit 
etc. cannot generate easily 

[0066] Moreover, restrictions of a configuration, capacity, etc., such as a laminating machine used by the manufacturing 
process and a firing furnace, are eased, and the substrate of the configuration near the substrate of a finished product can 
be used. 

[0067] [Example of an experiment] this invention person controlled glass composition so that the glass transition point 
of a glass component became 740 degrees C, 688 degrees C, 660 degrees C, 632 degrees C, and 600 degrees C, and he 
created five kinds of green sheets (it is 200 micrometers about each thickness) using each glass component. 
[0068] And laminating formation was carried out by the green sheet which contains a glass component (688 degrees C, 
660 degrees C, 632 degrees C, and 600 degrees C) for the green sheet of three layers in the meantime by the green sheet 
containing the glass component whose glass transition point is 740 degrees C about the two-layer green sheet of the 
maximum outside in forming the layered product substrate which carried out the laminating of the green sheet of five 
layers. 

[0069] Then, baking processing of this layered product substrate was carried out in one at air atmosphere and the peak 
temperature of 900 degrees C. 

[0070] The contraction in the direction of a flat surface of the layered product substrate at this time was measured. 
[0071] In addition, what was formed by the green sheet which contains the glass component whose glass transition 
points are 740 degrees C and 600 degrees C about all the layered product substrates that consist of a green sheet of five 
layers as an example of comparison carried out baking processing similarly, and the contraction was measured. 
[0072] The result is shown in Table 1. 
[0073] 
[Table 1] 



J 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 12/10/02 



Page 7 of 8 



No 






#9 AlE 


«** [%) 


• 1 


7 4 0"C 


6 8 ST, 


5 2r 


14.4 


2 


7 4 0X3 


6 6 0*C 


a or 


10.2 


S 


7 4 Or 


6 3 2r 


l o sr 


10. 1 


4 


7 4 or 


6 0 OX: 


i 4 or 


9. 7 


• 5 


7 4 0 *C 


7 4 or 


0 


15. 4 


• 6 


6 0 Or 


6 o or 


0 


1 5. 0 



[0074] As mentioned above, in the layered product substrate (sample numbers 5 and 6) using the green sheet of the 
same kind, a contraction will exceed 15%. 

[0075] Moreover, although an improvement is found by the layered product substrate as compared with sample numbers 
5 and 6 using the green sheet which has the glass component whose difference of two kinds of glass transition points is 
52 degrees C like a sample number 1, it does not result in sufficient operation. 

[0076] And like sample numbers 2-4, using the green sheet which has a glass component 80 degrees C or more, the 
contraction of the direction of a flat surface of a layered product substrate becomes 10% order then about a layered 
product substrate, and the difference of two kinds of glass transition points can do sufficient operation so. 
[0077] In addition, although the upper limit of the difference of this glass transition point will be decided by low glass- 
transition-point temperature and peak temperature of baking, in order to carry out a softening flow and to carry out a 
crystallization reaction by the high glass transition point in fact, as for a setup of a high glass transition point, it is more 
desirable than peak temperature to fully set it as low temperature. 

[0078] Moreover, the above-mentioned example constitutes the layered product substrate from the glass component of 
two kinds of transition points, i.e., two kinds of green sheets. And although the green sheet by the side of the high 
transition point is used for two-layer [ of an outermost layer of drum ], a layered product substrate may consist of glass 
components of two or more kinds of transition points, i.e., two or more kinds of green sheets. In this case, what is 
necessary is for the green sheet of the highest glass transition point just to enable it to maintain the original form for the 
temperature gradient of a low glass transition point and the highest glass transition point stably most, degrees C [ 80 / or 
more ], i.e., when a low glass transition point is reached most. 

[0079] Moreover, although it constitutes two-layer [ of an outermost layer of drum ] from a green sheet by the side of 
the high transition point, as long as it eases the contraction stress at the time of baking mutually and suits at the time of 
baking, you may arrange in any position. 

[0080] moreover, the glass-ceramic slip material which replaces with a green sheet and is used for a doctor blade 
method although the insulating layers la-le which constitute a layered product substrate are formed by the green sheet 
in the above-mentioned example - printing or an application - carrying out — internal wiring - a conductor and the 
becoming conductor ~ film printing may be repeated successively and a layered product substrate may be formed 

J 
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[0081] moreover, the glass-ceramic slip application film which added and applied the optical hardening monomer to this 
glass-ceramic slip material if needed — receiving - exposure and a development — carrying out ~ a beer hall ~ you may 
make it form the through hole used as a conductor 
[0082] 

[Effect of the Invention] according to this invention as mentioned above internal wiring - a conductor etc. is 
intervened and the glass transition points of the component of the glass of the glass ceramic used as a predetermined 
insulating layer differ by other insulating layers in the layered product substrate which the insulating layer which 
consists of a glass ceramic carries out two or more laminatings, and changes And the temperature gradient of this glass 
transition point is 80 degrees C or more. 

[0083] Therefore, the contraction stress generated in an insulating layer at the time of baking processing can be 
distributed with burning temperature, and although the contraction stress which acts especially in the direction of a flat 
surface of a laminated circuit board is made to ease mutually, since it can do, the contraction of a layered product 
substrate can be made small. 

[0084] therefore, the internal wiring formed so that it might spread superficially since the difference of the superficial 
size of a laminating base substrate became small a baking front and after baking — stress cannot start easily to a 
conductor and it becomes the laminating glass ceramic circuit board with the high reliability which an open circuit etc. 
cannot generate easily 

[0085] moreover, the number taken since a configuration, capacity, etc., such as a laminating machine used by the 
manufacturing process and a firing furnace, can enlarge the maximum area of the substrate which is restrained, and 
which can be manufactured - it can increase - etc. - the restrictions by the manufacturing process are eased and it 
becomes the laminating glass ceramic circuit board of a low cost [ much ] 

[Translation done.] 
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[Btt] [OBJECT] 

^j$H#f3i^£^5lilH$ll;K<7) 1* is an object of the present invention to provide 

¥ffi^fo]<^W^^fft< a l aminated glass-ceramic circuit substrate 

* >y)$-r-3r ^mm-H^ ca P able of restraining low shrinkage factor in 

t iXZZZZ&LC- * the direction of a flat surface of the laminate 

wm&mzmUT&o substrate occurring at the time of baking. 
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[SUMMARY OF THE INVENTION] 

In the laminated glass-ceramic circuit substrate 
consisting of a laminated substrate produced by 
laminating multiple insulating layer 1a - 1e 
comprising a glass component and an inorganic 
filler, an internal wiring conductor 2 comprising a 
low resister metal material arranged among 
these insulating layer 1a to 1e, and a via-hole 
conductor 3 comprising a low resister metal 
material arranged among the insulating layer 1a 
to 1e, 

The glass transition point of said 
predetermined insulating layer, for example, the 
glass component contained in 1a and 1e, is 80 
or more degrees C differed from that of another 
insulating layer, for example, glass components 
contained in 1b to 1d. 




mmm<Dmm\ [claims] 



[8*#JSl] [CLAIM 1] 

7 tftftJklfM^kyo 7^7- A laminated glass-ceramic circuit substrate 
frbf&zmmmimmmmLtc characterized in that consisting of a laminated 
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substrate laminating multiple insulating layers, 
an internal resister metal material comprising a 
low resister metal material arranged among the 
insulating layers, and a via-hole conductor 
comprising a low resistor metal material 
arranged among these insulating layers, 
wherein said laminated substrate laminating 
multiple insulating layers having a glass 
component each of which has 80 degrees C or 
more differed in glass transition point. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1 ] 



[0001] 



0-1 0 5 0°CT*«bT#£&31 

i>(DXh& 0 
[0002] 



[INDUSTRIAL APPLICATION] 

This invention relates to the laminated ceramic 
circuit substrate capable of baking in a low 
temperature, for example, about 850 - 1050 
degrees C. 

[0002] 



Au, Ag ( C 



[PRIOR ART] 

As an internal wiring conductor of a laminated 
ceramic circuit substrate, refractory-metal 
material, such as molybdenum and tungsten, 
was used conventionally. 
In recent years, it accompanies a lowering 
tendency in resistance of an internal wiring 
conductor, and Au, Ag, Cu, or alloys thereof are 
used as an internal wiring conductor. 



[0 0 0 3] 
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[0003] 

When said low resistor metal material is used 
for an internal wiring conductor, the material of 
an insulating layer needed to be chosen 
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according to melting point of these metal 
materials, for instant, the material of an 
insulating layer consisting of a powder of low- 
melting-point glass-ceramics component, and 
an inorganic substance fillers such as an 
alumina ceramic is illustrated and in a baking 
process, a predetermined crystal phase of low- 
melting-point glass-ceramics component is 
extracted in the grain boundary of an inorganic 
substance, before filling. 



[0004] 

As a concrete manufacturing method, the green 
sheet which has inorganic substance fillers, 
such as a frit of a low-melting-point glass- 
ceramics component and an alumina ceramic, 
is formed, the through hole used as a via-hole 
conductor is formed to this green sheet, 
furthermore, each conductor comprising a low 
resistor metal material used as a via-hole 
conductor and an internal wiring conductor is 
formed to a green sheet, furthermore, according 
to a fixed-number path structure, laminated 
integration of some green sheets is carried out, 
finally, baking processing is processed. 



[0005] 

Baking processing process consists of a 
debinder process of about 24 - 36hrs, and a 
sintering process of peak temperature of 850- 
1050 degrees C in an oxidizing atmosphere 
(atmospheric condition). 



[0 0 0 6] 
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[389?flSfl¥8tL«J:5£-r5!i [PROBLEM ADDRESSED] 

II] However, in a laminated glass- ceramic circuit 

Lfr Lft#* h $MJ§tf 7 x — "fe board, the laminated circuit board after carrying 

" . ter^in out the baking processing process will be shrink 

^ **iH/ 7 | r j*-+cr, -u+i -r L+- no ' ess than 13 to 20% with respect to the 

mm(Dmmwmm^MLX, U | aminate substrate of the baking processing 
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before processing. 



[0007] 

Therefore, the laminated machine and firing 
furnace which are used into a manufacturing 
process have physical restrictions of the shape, 
volume, etc. 

Therefore, it was difficult to obtain a laminated 
glass-ceramic circuit substrate with the 
sufficiently big shape after the baking 
processing process. 

[0008] 

Moreover, substrate shrinkage percentage at 
the time of baking processing exceeds 10 % far, 
and is very large. 

Therefore, the wiring breakage etc. might be 
generated when not formed sufficiently with 
careful attention to the internal wiring conductor. 



[0009] 

This invention was thought out in view of said 
trouble. 

The objective provides a laminated glass- 
ceramic circuit board with small shrinkage factor 
of the substrate at the time of baking 
processing. 



[0 0 10] 



[0010] 



mm znmir % tt t> ] 



[SOLUTION OF THE INVENTION] 

In order to solve said subject, according to this 
invention, the laminated glass-ceramic circuit 
substrate formed by constructing from 
The laminate substrate which laminated two or 
more insulating layers comprising a glass 
component and an inorganic substance filler, 
and the internal wiring conductor comprising the 
low resistor metal material arranged to the 
interlayer of this insulating layer, and the via- 
hole conductor comprising a low resistor metal 
material arranged to this insulating layer, 
wherein said laminate substrate is a laminated 
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glass-ceramic circuit substrate formed by 
laminating two or more insulating layers which 
have the glass component from which 80 or 
more degrees C of glass transition points 
differed. 

That is, the glass transition point of the glass 
component of a predetermined insulating layer 
has the difference of 80 or more degrees C, 
comparing with the glass transition point of the 
glass component of another insulating layer. 



[0011] 



[0011] 



am] 
[0012] 

[0 0 13] ~ 

(4, -troJfe&lrtro^lS^lPiH 



[EFFECT] 

In a laminated glass- ceramic circuit board, a 
shrinkage action occurs in an insulating layer by 
softening flow of the glass component mainly 
contained in the insulating layer (in fact green 
sheet) of a non-bake-processed state at the 
time of the baking processing process. 
Usually, this shrinkage is occurred 
omnidirectinally on an isotropic target. 



[0012] 

By the way, the glass transition points of a glass 
component differ by the predetermined 
insulating layer and the other insulating layer in 
the insulating layer laminated by direction of 
lamination like the laminated glass-ceramic 
circuit substrate of this invention. 



[0013] 

Even if a shrinkage begins to occur in the 
predetermined insulating layer which follows, for 
example, has the glass component of a low 
glass transition point, the other insulating layer 
which has the glass component of a high glass 
transition point is maintaining the original form. 
For this reason, the contraction stress occurred 
in the insulating layer which has the glass 
component of a low glass transition point acts 
on the direction of lamination in that insulating 
layer greatly, the action of the direction of a flat 
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surface can be made small. 
That is, the shrinkage occurred in the insulating 
layer which has the glass component of a low 
glass transition point will be prevented by the 
insulating layer which has the glass component 
of a high glass transition point. 



[0014] 

Even if shrinkage begin to occur in the other 
insulating layer which has the glass component 
of a high glass transition point conversely, 
shrinkage reaction is completed substantially 
and the predetermined insulating layer which 
has the glass component of a low glass 
transition point becomes a stable state. 
For this reason, the contraction stress occurred 
in the insulating layer which has the glass 
component of a high glass transition point acts 
on the direction of lamination in that insulating 
layer greatly, the action of the direction of a flat 
surface can be made small. 
That is, the shrinkage occurred* in the insulating 
layer which has the glass component of a high 
glass transition point has the glass component 
of a low glass transition point, the insulating 
layer which would already be in the stable state 
will prevent. 



[0015] 

By this, a temperature difference is provided to 
the flow start of glass by both the insulation 
interlayer. 

The contraction stress at the time of sintering is 
relieved mutually superficially, overall shrinkage 
factor can be made small. 



[0016] 

Consequently, as for the shape-volume, such 
as a laminated machine and a firing furnace, 
etc., restrictions are relieved, the substrate of 
the shape near the substrate of a finished 
product can be used. 

Moreover, the wiring breakage of an internal 
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wiring conductor etc. can be restrained 
effectively; it becomes a laminated glass- 
ceramic circuit substrate with high conduction 
reliability. 

[0017] 

In addition, in order to show said action 
sufficiently, between the glass transition point of 
the glass component of the side which has a 
low glass transition point, and the glass 
transition point of the glass component of the 
side which has a high glass transition point, it is 
important to provide the temperature difference 
of 80 or more degrees C. 
If there is this temperature difference of 80 or 
more degrees C, in the calcination temperature 
in which the glass component of the lowest 
transition point begins to carry out a softening 
flow, the glass component of the highest 
transition point becomes the original form 
(stable state), conversely, in the calcination 
temperature in which the glass component of 
the highest transition point begins to carry out a 
softening flow, the glass component of the 
already lowest transition point will be a stable 
state, shrinkage factor can be restrained 
effectively. 

[0018] 
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[Example] 

Hereafter, the laminated glass-ceramic circuit 
substrate of this invention is demonstrated 
based on the drawing. 



[0 0 19] [0019] 

mil*, ^mmimzmmtfy FIG - 1 is sectional drawing of the laminated 
5,^|Hlj^SS©»rBS glass-ceramic circuit substrate based on this 



invention. 
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[0020] 

MMJfy ,n F,G - 1 » 10 isa laminated glass-ceramic circuit 

;«-cs> substrate - 

The laminated ceramic circuit substrate 10 
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consists of the laminate substrate 1 by which 
the fixed-number path was formed to the inside, 
the front-wiring conductors 4 and 5, a thick-film- 
resistor film, and protective coat are formed as 
required to the main surface of the laminate 
substrate 1, furthermore, it constructs from 6 
etc. of various electronic components joined on 
the front-wiring conductor 4 and 5. 



[0 0 2 1] 

mMwmm 1 tttmm u-i 



[0021] 

The laminate substrate 1 consists of insulating- 
layer 1a - 1e, the internal wiring conductor 2, 
and the via-hole conductor 3, the fixed-number 
path is equipped internally. 



[0 0 2 2] [0022] 

1 a ~ 1 e fi, M%-lf8 Tne glass-ceramic material which enables 

5 0 ~ 1 0 5 0 o Cfuk<DJt$5#] baking processing of insulating-layer 1a - 1e at 

/rti vie Ffr-r-..nfc^TTr Z the comparatively low temperature for example, 

^mx : ^m : ^ y £ behi y nd 850 ^ 1050 d £ is 

<5o 
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[0023] 

The inorganic substance filler contained in 
insulating-layer 1a-1e can illustrate ceramic 
material, such as corundum (alpha alumina), 
cristobalite, quartz, mullite, and cordierite. 



[0024] 

Moreover, a glass component consists of a low- 
melting-point glass ceramics containing some 
metallic oxides, for example, the baking 
processing process is carried out at the 
comparatively low temperature before and 
behind 850-1050 degrees C. 
At least 1 type of the crystal phase of cordierite, 
mullet, amortize, celosia, spinal, unite, willemite, 
dolomite, petalite, or its substituted derivative is 
precipitated. 
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[0 0 2 5] 

ft3{2, Ag5S (AgW, A 
g-Pdft^©Ag^),Cu 

% (cui^ cuM) 

mil. 8 ~ 1 5 n mSltfc >9 , 
ff -t^ittfiW: 80~250;um 

[0 0 2 6] 

^®IB$l#ft4, 5tt, Agm 
(AgW, Ag-Pdfciftf) 
Ag^)> Cul (Culflt, 
Cu^) ftZmfcfrbJ&Q. 

[0 0 2 7] 

i <£>^® 

h7>^^, I Cft If <D 

[0 0 2 8] 

MM 1 a ~ 1 e 60 5 ^>> iKo 
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[0025] 

The internal wiring conductor 2 and the via-hole 

conductor 3 consist of conductors, such as Ag 

type (Ag alloys, such as Ag simple substance 

and Ag-Pd) and Cu type (Cu simple substance, 

Cu alloy), the thickness of an inner conductor 2 

is about 8 to 15 micrometer. 

The diameter of a via-hole conductor can be 

made into arbitrary values. 

However, the diameter is 80 to 250 micrometer, 

for example. 



[0026] 

The front-wiring conductors 4 and 5 consist of 
conductors, such as Ag type (Ag alloys, such as 
Ag simple substance and Ag-Pd) and Cu type 
(Cu simple substance, Cu alloy), for example, it 
already forms the laminate substrate before the 
baking processing process is carried out. 
Moreover, printing and baking form the electro- 
conductive paste which contains said conductor 
component in the main surface of the bake- 
processed laminate substrate. 



[0027] 

A thick-film-resistor film and protective coat are 
formed to such front-wiring conductors 4 and 5 
of the laminate substrate 1 , 6 etc. of various 
electronic components, such as a chip 
condenser, a chip resistor, a transistor, and IC, 
is mounted by solder, a wire bonding, etc. 



[0028] 

Here, the characteristics of this invention is that 
The glass transition point of some insulating 
layers, for example, glass component contained 
in 1a and 1e among insulating-layer 1a - 1e 
which constructs the laminate substrate 1, has 
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a temperature difference of 80 or more degrees 
C, comparing with the glass transition point of 
the glass component contained in other 
insulating-layer 1b - 1d. 



[0029] 

Description of the manufacturing method of said 
laminated glass-ceramic circuit substrate first 
provides insulating layers 1a and 1e and at 
least 2 type of glass-ceramic green sheet used 
as 1b - 1d, the low resistor metal material for 
forming the conductor film and conductor used 
as the internal wiring conductor 2, the via-hole 
conductor 3, and the front-wiring conductors 4 
and 5 (Au, Ag, Cu, those alloys), and the 
electro-conductive paste comprising organic 
glass-frit and vehicle etc. are provided, 
respectively. 



[0030] 

Said glass- ceramic green sheet carries out the 
homogeneous— kneading^ofjQw^Tielting-point 
cjystaHjzatj^ 

fillgr^aj)inder andlhe solvent tape casting is 
carried^>ut by a doctor blade method etc., and a 
predetermined size cuts and it forms it. 



[0031] 

As above-mentioned, low-melting-point 
crystallization glass frit consists of a glass 
composition which precipitates at least 1 type of 
the crystal phase of a cordierite, mullite, 
anorthite, celsian, spinel, gunite, willemite, 
dolomite, petalite, or its substituted derivative by 
carrying out the baking processing process at 
the comparatively low temperature before and 
behind 850 - 1050 degrees C, a mean particle 
diameter is 1 .0 to 6.0 micrometer, preferably 1 .5 
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[0032] 

If the glass frit which precipitates anorthite and 
celsian especially is used, a strong laminate 
substrate can be obtained, if the glass frit which 
precipitates a cordierite and mullite is used, a 
laminate substrate with a low coefficient of 
thermal expansion can be obtained, it is 
effective as a laminate substrate for mounting 
silicon chips, such as IC bare chip, on a 
laminate substrate. 

In addition, in order to obtain a laminate 
substrate with a high strength and a low 
coefficient of thermal expansion, as a glass 
composition which precipitates anorthite and 
cordierite simultaneously, B203, Si02, AI203, 
ZnO, and an alkaline-earth metallic oxide are 
effective. 



[0033] 

An inorganic substance filler serves as a bone 
agent of a laminate substrate. 
Ceramics, such as corundum (alpha alumina), 
cristobalite, quartz, mullite, and cordierite, can 
be illustrated, the particle size is 1.0 to 6.0 
micrometer, preferably 1.5 to 4.0 micrometer. 



[0034] 

A binder has a wettability with a solid 
component (glass frit, inorganic substance 
filler), and the thermal decomposition property 
must be favorable. 

Since it is what determines the viscosity of a slip 
simultaneously, the ethylenic unsaturated 
compound equipped with the acrylic acid or a 
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carboxy group like a methacrylic acid type 
polymer, and the alcoholic hydroxyl group is 
preferable. 

As an additional amount, 25 wt% or less per a 
solid component is preferable. 



[0035] 

As a solvent, an organic-type solvent and a 

water-base solvent can be used. 

In addition, in the case of a water-base solvent, 

a binder needs to be water-soluble. 

The hydrophilic functional group, for example, a 

carboxy group, is added to the binder. 

If the addition amount is expressed with an acid 

number, there is 2 - 300, preferably 5-100. 
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[0036] 

You have to thermally decompose said binder 
and solvent completely in the debinder process 
of the heat drying process by the doctor blade 
method, and the baking processing process of a 
laminate substrate. 

However, the material especially decomposed 
at 600 or less degrees C, preferably 500 or less 
degrees C, is chosen. 



[0037] 

The inorganic substance filler of the percentage 
of said inorganic substance filler and glass 
component is 10 wt% - 50 wt%, preferably 20 
wt%- 35wt% 

A glass component is 90 wt% - 50 wt%, 
preferably 80 wt%- 65 wt%. 



[0038] 

By 10 wt% less (a glass component exceeds 90 
wt%), a glassy increases an inorganic 
substance filler too much into an insulating 
layer, the strength of a laminate substrate is 
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impaired, the compactness of the laminate 
substrate 1 is impaired in an inorganic 
substance filler exceeding 50 wt% (a glass 
component being 50 wt% less). 



[0039] 

Here, at this invention, as for the green sheet 
used as insulating layers 1a and 1e, and the 
green sheet used as insulating-layer 1b-1d, it is 
necessary to choose the glass composition with 
which 80 or more degrees C of glass transition 
points of the glass frit contained in these green 
sheets differs. 



[0040] 

That is, it is necessary to control the glass 
transition point in a glass-ceramics component. 
For example, it sets to said glass composition, it 
considers as the method of setting up a glass 
transition point low, and is attained by 
increasing the composition ratio of the oxide of 
B203, ZnO, or an alkaline earth metal. 
Moreover, oxides, such as Pb, Bi, and Cd, are 
added, even if it adds the oxide of an alkali 
metal, a glass transition point can be made low. 
However, since the addition of the oxide of an 
alkali metal may degrade the insulating property 
in an insulating layer, it needs to mind. 
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[0041] 

For example, an alumina ceramic powder is 
used for the green sheet used as insulating 
layers 1a and 1e as the glass ceramics which 
has B203, Si02, AI203, ZnO, and an alkaline- 
earth metallic oxide as a main component, and 
an inorganic substance filler, furthermore, the 
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acrylic-type resin was used as a binder and 

toluene etc. was used as a solvent. 

In addition, the percentage of a solid 

component made the glass ceramics 70 wt%. 

The inorganic substance filler was made into 30 

wt%. 
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[0042] 

Thereby, the glass transition point obtained the 
green sheet containing the glass component of 
740 degrees C. 

[0043] 

For example, an alumina ceramic powder is 
used for the green sheet used as insulating- 
layer 1b - 1d as the glass ceramics which has 
PbO, B203, Si02, AI203, ZnO, and an 
alkaline-earth metallic oxide as a main 
component, and an inorganic substance filler, 
furthermore, the acrylic-type resin was used as 
a binder and toluene etc. was used as a 
solvent. 

In addition, the percentage of a solid 
component made the glass ceramics 50 wt%. 
The inorganic substance filler was made into 50 
wt%. 



[0044] 

Thereby, the glass transition point obtained the 
green sheet containing the glass component of 
600 degrees C. 
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[^W'14^^-^ h] [Electro-conductive paste] 

P^jfB^ljf flc 2 &T/^SSfil^ For the electro-conductive paste for forming the 

f$4 T/fr— ji/*${$3 SrTf^Jc i nterna ' wiring conductor 2 and the front-wiring 

fcwStttt^— * h fi conductor 4, and the via-hole conductor 3, what 

-r- ( a mt± a — p ri carr ' ec ' out the homogeneous kneading of low 

A g & { A g w-ifc , A g P d res j s t or metal-material powder, for example, a 
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silver powder, such as Ag type (Ag alloys, such 
as Ag simple substance and Ag-Pd), Cu type 
(Cu simple substance, Cu alloy), and Au type, a 
low-melting-glass component, and a binder and 
a solvent is used. 

Moreover, it may use this paste also for the 
front-wiring conductors 4 and 5. 
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[Laminated process] 

The location to which the via-hole conductor 3 is 
formed is considered to the green sheet used 
as insulating-layer 1a-1e, and a through hole is 
formed to it by NC punch etc., then, by printing- 
filling of said Ag type electro-conductive paste, 
a conductor is filled to a through hole and the 
shape of the conductor film used as the internal 
wiring conductor 2 of a predetermined shape is 
carried out. 
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[0047] 

The green sheet which considers a build up 
sequence and is set to insulating-layer 1a-1e in 
such a green sheet is laminated, a thermo- 
cpmpression bonding is carried out and the 
laminate substrate of non-bake-processed state 
is obtained. 
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[0048] 

In addition, as for the green sheet with different 
a glass transition point, it is desirable to 
laminate as shown in a figure, so that it may be 
applicable in the thickness direction. 



[0 0 4 9] 



[0049] 



[%Ef$TM] [Baking processing process] 

Ai^<Dfcj^f$$k1B<D^Mi$&fo The baking processing process of the laminate 
£r^$cM3"t~<5 0 i^J^&LSMu substrate of said non-bake-processed state is 

carried out. 
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The baking processing process consists of a 
debinder process and a sintering process. 

[0050] 

It is because the organic component contained 
in the green-sheet layer used as insulating-layer 
1a - 1e, the conductor film used as the internal 
wiring conductor 2, and the via-hole conductor 3 
and the becoming conductor in a debinder 
process is burned down. 
For example, it is carried out in the temperature 
area of 600 or less degrees C. 



[0051] 

Moreover, in a sintering process, it is uniformly 
dispersed of the grain boundary of an inorganic 
substance filler at the same time the glass- 
ceramics component contained in the green- 
sheet layer used as insulating-layer 1a-1e 
reacts a precipitate of a predetermined crystal 
phase. 

Thereby, the firm laminate substrate 1 is 
attained. 

[0052] 

Moreover, in the conductor film used as the 
internal wiring conductor 2, and the via-hole 
conductor 3 and the becoming conductor, the 
grain growth of the Ag type powder is carried 
out, for example, while making a low resistor 
form, it is made to integrate with insulating-layer 
1a -1e. 

This is performed in the temperature area which 
reaches peak temperature 850 - 1050 degrees 
C. 

[0053] 

Baking processing atmosphere is performed by 
oxidizing atmosphere or neutral atmosphere, for 
example, when using Cu type conductor for 2 
etc. of internal wiring conductors, it is carried 
out by the reducing atmosphere or neutral 
atmosphere. 
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[Surface-treatment process] 

Next, it surface-treats to both the main surfaces 
of the laminate substrate by which the baking 
processing process was carried out. 

[0055] 

For example, the front-wiring conductors 4 and 
5 are formed to the upper-face side main 
surface of the laminate substrate 1 
by printing * drying and baking a copper 
system electro-conductive paste so that it may 
connect with the via-hole conductor 3 formed to 
insulating layers 1a and 1e, here, the front- 
wiring conductors 4 and 5 of a copper system 
and the via-hole conductor 3 of a silver 
conductor will join. 

For this reason, the eutectic temperature of 
silver and copper is considered and the electro- 
conductive paste of a copper system chooses 
what can carry out low temperature (for 
example, 780 or less degrees C) baking 
processing, and in order to prevent copper 
oxidation, it is important to carry out in a 
reducing atmosphere or neutral atmosphere. 
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<5 0 



[0056] 

After that, a thick-film resistor film, protective 
coat, etc. are burned as required, the various 
electronic components 6 is mounted. 



[0 0 5 7] 



[0057] 

In addition, when the front-wiring conductors 4 
and 5 of the laminate substrate 1 are formed 
about said Example with the electro-conductive 
paste by which the baking processing process 
is simultaneously carried out in the baking 
processing process of for example, a laminate 
substrate, the conductor film which serves as a 
front-wiring conductor in a laminated process is 
formed, it may carry out integrally with baking 
processing of a laminate substrate. 
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[0058] 

Moreover, the divide slot is formed as required 
to the laminate substrate of a non-bake- 
processed state, it may process a divide, 
immediately after baking processing or after- 
performing a surface-treatment process. 

[0059] 

In the above manufacturing method, especially 
baking processing process, shrinkage occurs by 
the baking processing process in the laminate 
substrate of a non-bake-processed state. 
However, in this invention, a glass transition 
point contains the glass component of 740 
degrees C in the layer of the green sheet used 
as insulating layers 1a and 1e, the glass 
transition point contains the glass component of 
600 degrees C in the layer of the green sheet 
used as insulating-layer 1b - 1d. 



[0060] 

At 500-600 degrees C while temperature raising 
to peak temperature 850 - 105 degrees C, the 
organic component contained in the laminate 
substrate is burned down by the baking 
processing. 



[0061] 

Moreover, before and behind about 600 
degrees C, a glass component carries out a 
softening flow in the layer of the green sheet 
used as insulating-layer 1b - 1d, a contraction 
stress occurs in this layer. 
This contraction stress is a layer used as 
insulating-layer 1b - 1d, and is occurred on an 
isotropic target. 

However, the insulating layers 1a and 1e which 
have the glass component of the high glass 
transition point of 740 degrees C are laminated 
by the laminate substrate, since insulating 
layers 1a and 1e are stably maintained in this 
temperature, the contraction stress which acts 
in the insulating-layer 1b - 1d direction of a flat 
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surface is relieved, by insulating-layer 1b-1d, it 
becomes a shrinkage of the thickness direction 
chiefly. 

[0062] 

Furthermore, temperature rises, for example, 
before and behind 740 degrees C, insulating- 
layer 1b-1d shrinkage reaction is already 
completed, insulating-layer 1b - 1d will be in a 
stable state. 

A glass component carries out a softening flow 
in the layer of the green sheet which serves as 
insulating layers 1a and 1e in such a state, a 
contraction stress occurs. 
However, insulating-layer 1b - Id which 
shrinkage reaction would be completed to the 
laminate substrate, and would be in the stable 
state is laminated stably. 
Therefore, the contraction stress which acts in 
the direction of a flat surface of insulating layers 
1a and 1e is relieved, by insulating layers 1a 
and 1e, it becomes a shrinkage of the thickness 
direction chiefly. 

[0063] 

Furthermore, temperature rises, for example, at 
850 degrees C - 1050 degrees C, shrinkage 
reaction is completed also in insulating layers 
1 a and 1e, to the grain boundary of an inorganic 
substance filler, a glass ceramics precipitates a 
predetermined crystal phase, and is filled. 
It becomes a firm laminate substrate. 



[0064] 

As mentioned above, in the baking processing 
process, when a contraction stress occurs in 
each insulating-layer 1a - 1e, it maintains in the 
state stabilized in other insulating-layer 1a-1e. 
Therefore, the contraction stress which acts in 
the direction of a flat surface of the laminate 
substrate 1 is relieved mutually, shrinkage 
factor of the direction of a flat surface of the 
laminate substrate 1 can be reduced greatly. 
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[0065] 

Therefore, shrinkage factor is small, i.e., the 
difference of the superficial size of the laminate 
substrate 1 becomes small the baking 
processing front and after baking processing. 
Therefore, a stress does not start with respect 
to the conductor film used as the internal wiring 
conductor 2 which was formed, for example on 
the glee sheet and which was formed so that it 
might spread superficially. 
It becomes a laminated glass-ceramic circuit 
substrate with high reliability which a 
disconnection etc. cannot occur easily. 

[0066] 

Moreover, restrictions of the shape-volume, 
such as a laminated machine used by the 
manufacturing process and a firing furnace, etc. 
are relieved, the substrate of the shape near the 
substrate of a finished product can be used. 
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[The example of experiment] 

This inventor controls a glass composition so 
that the glass transition point of a glass 
component serves as 740 degrees C, 688 
degrees C, 660 degrees C, 632 degrees C, and 
600 degrees C, five kinds of green sheets (all of 
thickness is 200 micrometer) using each glass 
component were created. 
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[0068] 

And in order to form the laminate substrate 
which laminated the green sheet of five layers, 
the glass transition point formed lamination the 
green sheet of two layers of an outermost side 
by the green sheet containing the glass 
component of 740 degrees C. 
The green sheet of three layers in the meantime 
was formed lamination by the green sheet 
containing the glass component of 688 degrees 
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C, 660 degrees C, 632 degrees C, and 600 
degrees C. 



[0069] 

After that, the baking processing process of this 
laminate substrate was integrally carried out at 
atmospheric-condition and peak temperature 
900 degrees C. 

[0070] 

Shrinkage factor in the direction of a flat surface 
of the laminate substrate at this time was 
measured. 

[0071] 

In addition, all the laminate substrates 
comprising the green sheet of five layers were 
formed as a Comparative example by the green 
sheet containing the glass component having a 
glass transition point of 740 degrees C and 600 
degrees C. 

This carries out the baking processing process 
similarly. 

Shrinkage factor was measured. 
[0072] 

The result is shown to Table 1 . 
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[Table 1] 
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No 










■ 1 


7 4 OTC 


6 8 sr 


5 2r 


14.4 


2 


7 4 or 


6 6 or 


s or 


10.2 


3 


7 4 0 1C 


6 3 2r 


i o 8r 


10.1 


4 


t 4 or 


6 o or 


i 4 or 


9. 7 


• 5 


7 4 or 


7 4 or 


0 


1 5. 4 


• 8 


e o or 


6 o or 


0 


1 5. 0 



First Row (Left to Right): 
Sample No., 

Glass transition point of glass component in outermost green sheet. 
Glass transition point of glass component in intermediate green sheet. 
Difference in glass transition point. 
Shrinkage factor (%). 
Mark * is out of the range of this invention. 

[0074] 

As mentioned above, in the laminate substrate 
(sample numbers 5 and 6) using the green 
sheet of the same kind, shrinkage factor will 
exceed 15 %. 

[0075] 

Moreover, by the laminate substrate, 
improvement is found like a sample number 1 
compared with sample numbers 5 and 6 using 
the green sheet in which the difference of two 
kinds of glass transition points has the glass 
component of 52 degrees C. 
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However, it does not result in sufficient action. 



[0076] 

And as the sample number 2-4, with the 
laminate substrate using the green sheet in 
which the difference of two kinds of glass 
transition points has the glass component of 80 
or more degrees C, shrinkage factor in the 
direction of flat surface of a laminate substrate 
becomes about 10% order, sufficient action can 
be shown. 



[0077] 

In addition, the upper limit of the difference of 
this glass transition point will be decided by low 
glass-transition-point temperature and peak 
temperature of baking processing. 
However, in fact, in order to carry out a 
softening flow and to carry out crystallization 
reaction by the high glass transition point, as for 
a setup of a high glass transition point, it is 
desirable to set it as temperature sufficiently 
lower than peak temperature. 
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[0078] 

Moreover, in said Example, the laminate 
substrate is constructed of the glass component 
of two kinds of transition points, i.e., two kinds 
of green sheets. 

And the green sheet by the side of a high 
transition point is used for two layers of 
outermost layer. 

However, it may construct a laminate substrate 
of the glass component of 2 or more types of 
transition point, i.e., 2 or more types of green 
sheet. 

In this case, the temperature difference of the 
lowest glass transition point and the highest 
glass transition point is maintained to 80 or 
more degrees C. 

Namely, what is necessary is for the green 
sheet of the highest glass transition point just to 
enable it to maintain the original form stably, 
when the lowest glass transition point is. 
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reached. 



[0079] 

Moreover, it is constructing by the green sheet 
by the side of a transition point with outermost 
layer high two layers. 

However, if the contraction stress at the time of 
baking processing is mutually relieved at the 
time of baking processing, it may arrange to any 
location. 

[0080] 

Moreover, in said Example, insulating-layer 1a - 
1e which constructs a laminate substrate is 
formed by the green sheet. 
However, it replaces with a green sheet and 
printing or an application is performed for the 
glass- ceramic slip material used for a doctor 
blade method, the conductor-film printing used 
as an internal wiring conductor may be 
repeated in order, and a laminate substrate may 
be formed. 



[0081] 

Moreover, a photosetting monomer is added to 
this glass-ceramic slip material as required, it 
carries out an exposure-development with 
respect to the applied glass-ceramic slip coating 
film, it may make it form the through hole used 
as a via-hole conductor. 
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[%W<D$h%:] [EFFECT OF THE INVENTION] 

$X±.<D <£ 5 \z <£ According to this invention as mentioned above, 
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layer differ by the other insulating layer. 

And the temperature difference of this glass 

transition point has 80 or more degrees C. 



[0083] 

Therefore, the contraction stress occurred in an 
insulating layer can be made dispersed with a 
calcinations temperature at the time of the 
baking processing process. 
It can do, although the contraction stress which 
acts especially in the direction of a flat surface 
of a laminated circuit board is relieved mutually. 
Therefore, shrinkage factor of a laminate 
substrate can be made small. 

[0084] 

Therefore, the difference of the superficial size 
of a laminated base-material substrate 
becomes small the baking processing front and 
after baking processing. 

Therefore, a stress does not start with respect 
to the internal wiring conductor formed so that it 
might spread superficially. 
It becomes a laminated glass-ceramic circuit 
substrate with high reliability which a 
disconnection etc. cannot occur easily. 

[0085] 

Moreover, the shape-volume, such as a 
laminated machine used by the manufacturing 
process and a firing furnace, etc. can enlarge 
the maximum area of the substrate which is 
restrained and which can be manufactured. 
Therefore, the number of multiple part yielding 
can be increased. 

The restrictions by the manufacturing process 
are relieved, it becomes an inexpensive 
laminated glass- ceramic circuit substrate. 

[BRIEF EXPLANATION OF DRAWINGS] 



1] 



[FIGURE 1] 

-try It is sectional drawing of the laminated glass- 
ceramic substrate based on this invention. 
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£>ffc 93 ] [EXPLANATION OF DRAWING] 

10 MM~ft7 7^— 10******* laminated glass- ceramic circuit board 

± 7 5 v t WkWSi 1 ******* laminate substrate 

i mmfamtis 1a-1e*** insulating layer 

i i ' * ' 'SSh 2*******:: Inside wiring conductor 

1 a~l e • • 3******** via-hole conductor 

2 ftmmmw 4, 5***** front-wiring conductor 

3 fc*7*-/^ 6******** electronic component 

ft 

4 , 5 

P 



6 flt^Prftpq 
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